ABSTRACT Recent theoretical and observational works indicate the presence of a correlation between the star formation rate (SFR) and the active galactic nuclei (AGN) luminosity (and, therefore, the black hole accretion rate,Ṁ BH ) of Seyfert galaxies. This suggests a physical connection between the gas forming stars on kpc scales and the gas on sub-pc scales that is feeding the black hole. We compiled the largest sample of Seyfert galaxies to date with high angular resolution (∼ 0.4 − 0.8 ′′ ) mid-infrared (8-13 µm) spectroscopy. The sample includes 29 Seyfert galaxies drawn from the AGN Revised Shapley-Ames catalogue. At a median distance of 33 Mpc, our data allow us to probe nuclear regions on scales of ∼ 65 pc (median value). We found no general evidence of suppression of the 11.3 µm polycyclic aromatic hydrocarbon (PAH) emission in the vicinity of these AGN, and used this feature as a proxy for the SFR. We detected the 11.3 µm PAH feature in the nuclear spectra of 45% of our sample. The derived nuclear SFRs are, on average, five times lower than those measured in circumnuclear regions of 600 pc in size (median value). However, the projected nuclear SFR densities (median value of 22 M ⊙ yr −1 kpc −2 ) are a factor of 20 higher than those measured on circumnuclear scales. This indicates that the SF activity per unit area in the central ∼ 65 pc of Seyfert galaxies is much higher than at larger distances from their nuclei. We studied the connection between the nuclear SFR anḋ M BH and showed that numerical simulations reproduce fairly well our observed relation.
1. INTRODUCTION One of the most important challenges in modern cosmology is to disentangle the physics behind the processes underlying galaxy formation and evolution. Observations over the past decades have revealed that supermassive black holes (SMBHs) likely reside at the centers of all galaxies with a bulge and that the properties of these black holes and their host galaxies are tightly correlated (e.g. Magorrian et al. 1998; Ferrarese & Merritt 2000; Gebhardt 2000; Kormendy & Ho 2013) . The coevolution of galaxies and their corresponding SMBHs depends on some physical mechanism, referred to as feedback, that links accretion and ejection of gas residing on a sub-pc scale in galactic nuclei to the rest of the galaxy (Silk & Rees 1998; King 2010; Nayakshin & Zubovas 2012) . The connection between star formation (SF) activity on different physical scales in a galaxy and the presence of an active galactic nucleus (AGN) has been a long discussed topic. However, there still are many uncertainties under consideration to disentangle the processes behind such a relation (see e.g. Hopkins & Quataert 2010, and references therein) .
In the standard unification model, the powering mechanism of AGN is gas accretion onto a central SMBH. However, the physics of angular momentum transfer to the vicinity of the black hole is still unclear (see Alexander & Hickox 2012 , for a recent review). Given that the angular momentum of inflowing gas produced by galaxy mergers or other large scale structures (e.g., bars) cannot be removed instantaneously, many studies proposed that the inflowing gas could form a circumnuclear disk where SF can take place. Kawakatu & Wada (2008, and references therein) put forward a model for such a circumnuclear disk, which might be coincident with the putative torus of the unification model of AGN (Antonucci 1993) . This model predicts that SF would mostly take place in the outer parts of a 100 pc-size torus (Wada & Norman 2002) . Cid Fernandes & Terlevich (1995) proposed the presence of a starburst in the obscuring torus as a solution for the absence of conspicuous broad lines in Seyfert 2s.
The starburst disk model of Thompson et al. (2005) estimates that most of the gas is supplied from outside the inner 200 pc, but this is better suited for ultraluminous infrared galaxies due to the high star formation rates (SFRs) considered. Ballantyne (2008) presented an update of the Thompson et al. (2005) model with typical maximum SFRs of ∼ 1 M ⊙ yr −1 , that could also potentially obscure the AGN. These nuclear pcsized starbursts will mostly be associated with low luminosity AGN (i.e. Seyferts and low-ionization nuclear emission-line regions -LINERs). From an observational point of view, nuclear starbursts have been detected in Seyfert 2 galaxies and LINERs using UV images obtained with the Hubble Space Telescope (Heckman et al. 1995; González Delgado et al. 1998; Colina et al. 2002) .
The numerical simulations of Hopkins & Quataert (2010) predict a relation with some scatter between the SFR of the galaxy on different scales -going from 10 kpc-scale to the central parsec -and the black hole accretion rate (Ṁ BH ).
This correlation appeared to be more prominent on smaller physical scales. However, simulations also indicate dynamical delays between the peaks of the SF and the BH growth (Hopkins 2012) , in agreement with results from observational works (e.g., Davies et al. 2007; Wild et al. 2010; Ramos Almeida et al. 2013) .
Mid-infrared (mid-IR) spectroscopy is a powerful tool to explore the nature of AGN and SF activity in galaxies. Among the most remarkable characteristics of the mid-IR spectra of galaxies is the presence of polycyclic aromatic hydrocarbons (PAH) emission, with the most prominent features being at 6.2, 7.7, 8.6, 11.3 and 17 µm. They are due to the stretching and bending vibrations of aromatic hydrocarbon materials, where the shortest wavelength features are dominated by the smallest PAHs (e.g. Tielens 2010 ). This type of emission mostly originates in photo-dissociation regions where aromatic molecules are heated by the radiation field produced by young massive stars (Roche & Aitken 1985; Roche et al. 1991) . Therefore, PAHs are often used as indicators of the current SFR of galaxies. Note that they can also be excited by UV emission from B stars and thus PAH emission probes SF over a few tens of million years (e.g., Peeters et al. 2004; Díaz-Santos et al. 2010) .
PAH features are detected in AGN, although they generally appear weak when compared with those of star forming galaxies (Roche et al. 1991) . It has been proposed that the PAH molecules might be destroyed in the vicinity of an active nucleus due to the presence of a hard radiation field (Voit 1992a ). There is also evidence that different PAHs might behave differently. showed that the 11.3 µm PAH feature emission is a reliable indicator of the SFR in AGN, at least for Seyfert-like AGN luminosities and kpc scales, while the 6.2, 7.7, and 8.6 µm features appear suppressed. Sings of variations between the different features have been reported by many authors (e.g. Peeters et al. 2004; Galliano et al. 2008 ). For instance, Smith et al. (2007) found that the ratio of the PAH emission at 7.7 and 11.3 µm is relatively constant among pure starbursts, while it decreases by up to factor of 5 for galaxies hosting a weak AGN. They interpreted this as a selective destruction of the smallest PAH carriers by the hard radiation arising from the accretion disk, ruling out the explanation in terms of ionization of the molecules (see also Siebenmorgen et al. 2004) .
A number of works have studied the SF activity using PAH emission and its relation to the AGN activity. Shi et al. (2007) demonstrated that the SF contribution increases from Palomar-Green QSO, to 2MASS QSO, and radio galaxies. Using measurements of the 7.7 and 11.3 µm PAH using Spitzer/IRS data, they found higher SFRs for more intense nuclear activity, which indicates that the AGN selection technique influences the level of SF activity detected in the corresponding host galaxies. Watabe et al. (2008) investigated the nuclear vs. circumnuclear SF for a sample of Seyfert galaxies using ground-based observations of the 3.3 µm PAH feature. Assuming that the this PAH traces the SF activity, they found that both SF and AGN activity are correlated (see also , Imanishi 2003; Imanishi & Wada 2004) . Such a relation implied that SF in the inner region of the AGN (within a few hundred parsecs from the center) might have a greater influence onṀ BH . On the other hand, Mason et al. (2007) found weak or absent PAH emission in the central 20 pc of the Seyfert 1 galaxy NGC 1097, whilst in the circumnuclear region, strong 3.3 and 11.3 µm PAH bands were detected. In the case of NGC 1097, the absence of PAH emission may be related to destruction/ionization of PAH molecules by hard photons from the nuclear star cluster. Diamond-Stanic & Rieke (2012) recently found a strong correlation between the kpc-scale SF derived using the 11.3 µm PAH feature and 24 µm observations for Seyfert galaxies. However, the limited angular resolution of their Spitzer data (∼ 4 − 5 ′′ ) did not allow them to resolve nuclear (∼ 100 pc) scales, and it is unclear if the measured PAH feature is associated with the galaxy or to the nuclear environment.
In this work we compile a sample of 29 Seyfert galaxies from the revised Shapley-Ames (RSA) galaxy catalogue (Sandage & Tammann 1987) with published groundbased mid-IR high angular resolution spectroscopy obtained on 8m-class telescopes. At a median distance of 33 Mpc, this sample allows us to study the nuclear SF activity around AGN on scales of ∼65 pc. We also use mid-IR spectra taken with the Infrared Spectrograph (IRS, Houck et al. 2004) on board Spitzer for all objects in our sample to investigate the extended (∼ 600 pc) SF in the host galaxy. This enables us to study the relation SFR-Ṁ BH at different scales in the local Universe. This paper is structured as follows: Section 2 describes the sample selection and data analysis. In Section 3 we study the nuclear 11.3 µm PAH feature emission. Section 4 compares the circumnuclear and nuclear SF activity and its relation withṀ BH .
Finally, our conclusions are summarized in Section 5. Throughout this work we assumed a ΛCDM cosmology with (Ω M , Ω Λ ) = (0.3, 0.7) and H 0 = 70 km s −1 Mpc −1 .
2. SAMPLE SELECTION AND DATA ANALYSIS 2.1. Sample Our sample (see Table 1 ) is drawn from the galaxymagnitude-limited RSA Seyfert sample, which includes the 89 Seyfert galaxies brighter than B T =13 mag from Maiolino & Rieke (1995) and Ho et al. (1997) .
We Marinucci et al. (2012) . Hard X-ray luminosities are corrected by a factor 70. (c) AGN bolometric luminosities calculated from X-ray luminosities after applying the bolometric corrections of Marconi et al. (2004) . selected galaxies with existing high angular resolution (∼ 0.4 − 0.8 ′′ ) mid-IR spectra observed on 8m-class telescopes. The sample contains a total of 29 Seyfert galaxies, of which 16 (55%) are Type 2 and 13 (45%) are Type 1 AGN. We included in the Seyfert 1 category those galaxies classified as Seyfert 1.5, 1.8, and 1.9, as well as those with broad near-IR lines.
We used the hard 2−10 keV X-ray luminosity (see Table 1 for references) as a proxy for the AGN bolometric luminosities after correcting for absorption and applying the bolometric corrections of Marconi et al. (2004) . The high column density in Compton-thick objects (defined as those having N H > 10 24 cm −2 , see Table 1 ) prevents us from measuring the intrinsic nuclear luminosity below 10 keV. Instead, one can only derive the reflection component from model fitting. Assuming that the [O iii] forbidden line is a tracer of the AGN intrinsic luminosity and comparing it with the observed hard X-ray emission of Compton-thick AGN, Marinucci et al. (2012) derived a correction factor of 70, that we used to correct the observed 2 − 10 keV luminosities of these objects 1 This large correction factor is also theoretically justified by the torus model proposed by Ghisellini et al. (1994) . This is the method commonly used for Compton-thick sources and applied in other several works, as in e.g. Bassani et al. (1999) ; Panessa et al. (2006) . We expect the nuclear mid-IR and X-ray luminosities to be well correlated (e.g. Levenson et al. 2009; Asmus et al. 2011) , which is fulfilled for sources in our sample (Hönig et al. 2010; González-Martín et al. 2013 ). The only significant outlier, NGC 1808, indicates that for this source the AGN does not dominate the continuum mid-IR emission (see figure 5 in González-Martín et al. 2013) . The uncertainties in L agn are driven by the scatter on the relationship for the bolometric correction which, in general, is significantly larger than the error on the X-ray luminosities. Based on the L agn determination, Young et al. (2010) derived typical uncertainties of 0.4 dex (see also Marinucci et al. 2012 We also list in Table 1 the BH masses of the galaxies in our sample and corresponding references. There is no available black hole mass measurement for NGC 1808. The median value for our sample is 3.9×10 7 M ⊙ , which is similar to the 3.2×10 7 M ⊙ median value for the complete RSA Seyfert sample (Diamond-Stanic & Rieke 2012) . In terms of the Eddington ratio, we sample values of L agn /L edd = 10 −4 − 0.3.
Observations
Ground-based mid-IR spectroscopic observations of the 29 Seyfert galaxies were taken with three different instruments. They operate on 8m-class telescopes and cover the N -band, ∼ 8 − 13 µm. Table 2 summarizes details of the mid-IR spectroscopic observations, along with references where the data were originally published. Observations taken with the Thermal-Region Camera Spectrograph (T-ReCS Telesco et al. 1998 ) on the 8.1 m Gemini-South Telescope used the low resolution mode, which provides a spectral resolution of R = ∆λ/λ ∼ 100, and slit widths between 0.31 and 0.70 ′′ . Observations References.
(1) Roche et al. (2006) , (2) performed by Michelle (Glasse et al. 1997 ) on the 8.1 m Gemini-North telescope, which has a higher spectral resolution by a factor of two (R ∼ 200), were obtained with slit widths of ∼ 0.4 ′′ . Finally, observations with the VLT spectrometer and imager for the mid-infrared (VISIR, Lagage et al. 2004 ) instrument mounted on the 8.2 m VLT UT3 telescope at the ESO/Paranal observatory were obtained with the low spectral resolution mode (R ∼ 300) and a slit width of 0 ′′ .75 or 1 ′′ (and 0.4 ′′ for NGC 1068). For the typical distances of our sample the ground-based slit widths probe typical physical scales of ∼ 65 pc. These range from ∼ 7-255 pc for all objects except for Mrk 509 (545 pc), which is by far the most distant galaxy in the sample.
Sixteen sources were observed with Gemini/T-ReCS (González-Martín et al. 2013, and references therein). (2013) of NGC 7130, one of the galaxies in our sample. We show the location of the 11.3 µm PAH feature, with the blue shaded area indicating the spectral range used for obtaining the integrated flux. The red lines are the fitted local continua. The rms of the spectrum is shown in yellow. We note that the [Ne ii] 12.81 µm emission line is contaminated by the 12.7 µm PAH feature, which cannot be resolved. The complete sample is shown in Figure A .1 of the Appendix.
Thirteen sources have VLT/VISIR observations (see Hönig et al. 2010 , for details), with 4 overlapping with the T-ReCS sample. Finally, 6 Seyfert galaxies were observed with Gemini/Michelle (Mason et al. 2006; Alonso-Herrero et al. 2011; Colling 2011) , of which two sources also have VISIR observations. We refer the reader to the original papers for details on the observations and the data reduction.
We retrieved mid-IR Spitzer/IRS spectra (for all sources except for NGC 1068) from the Cornell Atlas of Spitzer /IRS Source (CASSIS v4, Lebouteiller et al. 2011) . We used staring mode observations taken with the short-low (SL) module covering the spectral range ∼ 5 − 15 µm. The spectral resolution is R ∼ 60 − 120. The CASSIS database provides spectra with optimal extraction regions to ensure the best signal-to-noise ratio and are fully reduced. We only needed to apply a small offset to stitch together the two short-wavelength modules SL1 and SL2 (but note that this does not affect the PAH measurement, see Section 2.3). NGC 1068 is part of the GOALS programme (Armus et al. 2009 ) and IRS SH data have been obtained from the NASA/IPAC Infrared Science Archive (IRSA). Assuming a typical spatial resolution of 3.7
′′ for the SL module of IRS given by the slit width, this corresponds to a physical scale of about ∼600 pc for our sample, i.e. a factor of 10 less resolved than for the ground-based data. Figure 2 shows a comparison of Spitzer against ground-based data of NGC 7130 for illustration. We present the spectra of the full sample in the Appendix (see Figure A .1).
Measuring the 11.3 µm PAH feature
A number of methods have been developed to provide accurate measurements of the PAH feature fluxes, specially for the relatively large spectral range covered by IRS. These include, among others, PAHFIT (Smith et al. 2007 ), DecompIR (Mullaney et al. 2011) , and spline fit (e.g. Uchida et al. 2000; Peeters et al. 2002) . They are useful for decomposing IR spectra, especially when the AGN emission is contaminated by extra-nuclear emission. These techniques, however, might not be appropriate for the limited wavelength coverage of ground-based data and/or weak PAH features (see Smith et al. 2007 ).
We measured the flux of the 11.3 µm PAH feature following the method described in Hernán-Caballero & Hatziminaoglou (2011) .
We fitted a local continuum by linear interpolation of the average flux in two narrow bands on both sides of the PAH. We then subtracted this fitted local continuum and integrated the residual data in a spectral range centered on 11.3 µm (λ rest = 11.05−11.55 µm), to obtain the PAH flux. Figure 2 illustrates the method. As can be seen from this figure, this procedure slightly underestimates the PAH feature flux due to losses at the wings of the line profiles and overlaps between adjacent PAH bands. We corrected for these effects by assuming that the line has a Lorentzian profile of known width and applying a multiplicative factor (see Hernán-Caballero & Hatziminaoglou 2011, for details). We measured the equivalent width (EW) of the 11.3 µm PAH feature by dividing the integrated PAH flux by the interpolated continuum at the center of the feature. We derived the uncertainties in the measurements by performing Monte Carlo simulations. This was done by calculating the dispersion around the measured fluxes and EWs in a hundred simulations of the original spectrum with random noise distributed as the rms.
Additionally, PAH fluxes measured using a local continuum tend to be smaller than those using a continuum fitted over a large spectral range. To scale up our flux values to the total emission in the PAH features, we used the multiplicative factor of 2. This value was derived by Smith et al. (2007) for the 11.3 µm PAH, after comparing results obtained by the spline fitting and the PAHFIT full decomposition. For consistency in all measurements, we used the same method described above for both the ground-based and IRS spectra. We detected the 11.3 µm PAH feature at the 2σ level or higher significance in all objects of our sample observed with IRS, except for NGC 3783 (see Figs. 2 and A.1). Our measurements of the 11.3 µm PAH fluxes agree well with those of Diamond-Stanic & Rieke (2012) using PAHFIT, even though they used their own spectral extraction from IRS data.
3. NUCLEAR 11.3 µm PAH FEATURE EMISSION In this section we investigate the nuclear 11.3 µm PAH feature emission in our sample of galaxies. Hereinafter, nuclear scales generally refer to the physical regions observed with the T-ReCS/Michelle/VISIR instruments, whereas circumnuclear scales are those probed with the IRS spectroscopy. The only exceptions are the most nearby (distances of ∼ 4 Mpc) galaxies Circinus, NGC 4945, and NGC 5128. To explore similar physical regions in comparison to the rest of the sample we used the IRS observations as our nuclear spectra for the three galaxies. For these sources the circumnuclear data are from Siebenmorgen et al. (2004) and Galliano et al. (2008) (see Table 3 for more information).
The median value of the nuclear physical sizes probed with our data is 65 pc (see Table 3 ). If two nuclear spectra exist for the same galaxy, we used the one sampling a physical scale closest to the median value, for consistency with the rest of the galaxies. This information along with the physical scales probed with the nuclear spectra are given in Table 3 . Note that this is approximately a factor of 10 improvement in physical resolution with respect to the circumnuclear median value of 600 pc. Hereinafter, we will use the term size as referring to the physical scale probed, which is determined by the slit widths of the observations. 3.1. Detection of the 11.3 µm PAH feature The 11.3 µm PAH feature is weak or it might not even be present in a large fraction of galaxies in our sample, as can be seen from the nuclear spectra in Figs. 2 and A.1. We deemed the feature as detected if the integrated flux is, at least, two times above the corresponding measured error. This is equivalent to having the PAH feature detected with a significance of 2σ or higher. The nondetections are given as upper limits at a 2σ level, that is, with a 95% probability that the real flux is below the quoted value. Table 3 gives the nuclear luminosities and EWs of the 11.3 µm PAH detections, as well as 2σ upper limits for the remaining objects. Note that the flux of the 11.3 µm PAH feature is not corrected for extinction. Thus, its proper characterisation might be hampered in cases of high extinction, i.e. when the PAH molecules are embedded behind the silicate grains and the feature is buried within the silicate absorption at ∼9.7 µm. This also depends on the location of the material causing the extinction relative to the PAH emitting region. Another additional complication is the presence of crystalline silicate absorption at around 11 µm, which has been detected in local ultraluminous infrared galaxies (Spoon et al. 2006 ) and in local Seyferts (Roche et al. 2007 ). In particular, Colling (2011) detected crystalline silicate absorption that could be blended with the 11.3 µm PAH feature in some of the galaxies in our sample, namely, NGC 4388, NGC 5506, NGC 7172, and NGC 7479 (see also Section 3.2).
Using T-ReCS/VISIR/Michelle data we detected nuclear 11.3 µm PAH emission in 10 galaxies. For the three most nearby Seyferts, the 11.3 µm PAH feature is detected in the IRS observations, while in the corresponding T-ReCS/VISIR spectra the feature is below the detection limits. Taking this into account, we detected nuclear 11.3 µm PAH feature emission in 13 out of 29 galaxies (45% of the sample). The detection rate is similar for Seyfert 1s and Seyfert 2s (40% and 50%, respectively). The observed EWs of the feature (using the fitted local continuum) are between ∼ 0.01 − 0.4 µm. These values are much lower than those typical of high metallicity star forming galaxies (see Hernán-Caballero & Hatziminaoglou 2011) . This is expected given that we are probing smaller regions around the nucleus, and probably the continuum emission is mostly arising from dust heated by the AGN.
To study a possible extra-nuclear origin of the PAH feature we investigated the morphology of the galaxies in our sample.
We compiled the b/a axial ratio (measurements from NED, RC3 D 25 /R 25 isophotal Bband diameters) to determine the inclination of the host galaxy, where b and a are the minor and mayor axis, respectively. Axial ratios b/a < 0.5 are considered as edge-on galaxies, whereas face-on galaxies have b/a > 0.5 (see Table 1 ). With this definition we find 11 edge-on and 18 face-on galaxies. Out of the 13 sources with detection of the nuclear 11.3 µm PAH feature, we find 5 (44%) edge-on and 8 (45%) face-on galaxies. We do not find that a positive detection predominates in edgeon galaxies, where material of the host galaxy along our line of sight could be misinterpreted as nuclear SF. However, we cannot rule out a dominant contribution from extra-nuclear SF in the most edge-on galaxies in our sample. González-Martín et al. (2013) found that the host galaxies could significantly contribute to the nuclear component for sources with the deepest silicate absorption features.
The majority of the nuclear 11.3 µm PAH detections in our sample are galaxies with well-documented nuclear starbursts and/or recent SF activity based on UV and optical observations (González Delgado et al. 1998, NGC 5135, NGC 7130) , modelling of the optical spectra (Storchi-Bergmann et al. 2000, NGC 5135, NGC 5643, NGC 7130, NGC 7582) , and near-IR integral field spectroscopy (Davies et al. 2007; Tacconi-Garman & Sturm 2013 , Circinus, NGC 1068 .
3.2. Stacking nuclear spectra with undetected 11.3 µm PAH emission In this section we further investigate those galaxies with weak or no detected 11.3 µm PAH feature emission. We stacked the individual spectra deemed to have Fig. 3. -Result from the stacking of nuclear spectra (from T-ReCS, Michelle, and VISIR) without 11.3 µm PAH detections. The stacked spectrum for sources with weak silicate features (six galaxies, thick line) shows a 2σ detection of the 11.3 µm PAH feature. In the stacked spectrum (thin line) of the seven galaxies with deep silicate features the PAH feature remains undetected. The flux density units are arbitrary. The individual spectra were normalized at 12 µm. See Section 3.2 for details. undetected 11.3 µm PAH features according to our 2σ criterion (see Table 3 and Section 3.1). We divided them in two groups. The first includes galaxies with a weak silicate feature: ESO 323-G077, NGC 1365, NGC 3081, NGC 3783, NGC 4151, and NGC 4507. The second group contains galaxies with relatively deep silicate features: NGC 1386, NGC 2992, NGC 3281, NGC 4388, IC 5063, NGC 7172 and NGC 7479. We excluded from the stacking NGC 2110 and NGC 7213 because the silicate feature is strongly in emission, and NGC 5347 because the spectrum is very noisy. We normalized the spectra at 12 µm and then used the IRAF task scombine with the average option to combine the different observations. Figure 3 shows the stacked spectra for the two groups. We applied the same method as in Section 3.1 to determine if the PAH feature is detected. We found that the 11.3 µm PAH appears detected in the stacked nuclear spectrum of the galaxies with weak silicate features at a 2σ level. The derived EW of the 11.3 µm PAH is 8 × 10 −3 µm. The feature remains undetected in the stacked nuclear spectrum of sources with deep silicate features. This could be explained in part as due to extinction effects, given that the silicate absorption in these galaxies likely comes from cold foreground material ). We also note that the minimum around 11 µm in the stacked spectrum of galaxies with deep silicate features could be from crystalline silicates. Indeed, Colling (2011) found that inclusion of crystalline silicates improved the fit of the silicate features in NGC 7172, NGC 7479, and NGC 4388. Therefore, it would be expected to also appear in the stacked spectrum.
3.3. Is the 11.3 µm PAH feature suppressed in the vicinity of AGN? It has been known for more than 20 years now that PAH emission is weaker in local AGN than in high metallicity star forming galaxies, although some AGN do also show strong PAH features on circumnuclear scales (Roche et al. 1991) . It is not clear, however, if the decreased detection of PAH emission and the smaller EWs of the PAH features in AGN are due to 1) an increased mid-IR continuum arising from the AGN, 2) destruction of the PAH carriers in the harsh environment near the AGN (Roche et al. 1991; Voit 1992a) or 3) decreased SF in the nuclear region (Hönig et al. 2010) . Additionally, there is a prediction that smaller PAH molecules would be destroyed more easily in strong radiation fields (see e.g. Siebenmorgen et al. 2004) , also indicating that different PAHs may behave differently.
The effects of an increasing continuum produced by the AGN is clearly seen in the 3.3 µm PAH map of the central region of NGC 5128. The ratio of the feature-tocontinuum (i.e., the EW of the feature) decreases towards the AGN, whereas the feature peaks in the center (see Tacconi-Garman & Sturm 2013, for more details). This implies that the PAH molecules are not destroyed in the harsh environment around the AGN of this galaxy (see also Section 3.4). Similarly, Díaz-Santos et al. (2010) showed that at least the molecules responsible for the 11.3 µm PAH feature can survive within <100 pc from the AGN.
Some recent observational works reached apparently opposing conclusions on the PAH emission of AGN on physical scales within a few kpc from the nucleus, but note that these are for much larger physical scales than those probed here. demonstrated for the RSA Seyferts that the 11.3 µm PAH feature is not suppressed, whereas other mid-IR PAH features are. LaMassa et al. (2012) , on the other hand, combined optical and mid-IR spectroscopy of a large sample of AGN and star forming galaxies and concluded that in AGN-dominated systems (higher luminosity AGN) the 11.3 µm PAH feature does get suppressed.
To investigate this issue, we plotted in Figure 4 the observed nuclear EW of the 11.3 µm PAH feature against the AGN bolometric luminosity for our sample, with smaller symbols indicating regions closer to the AGN. This figure does not show any clear trend. If the decreased nuclear EW of the 11.3 µm PAH feature were due to the AGN mid-IR continuum in more luminous AGN, we would expect a trend of decreasing EW for increasing AGN bolometric luminosities. Alternatively, we would expect the same trend if the PAH molecules responsible for the 11.3 µm feature were suppressed/destroyed more easily in luminous AGN. From this figure we can see that at a given AGN luminosity we sometimes detect nuclear 11.3 µm PAH emission, whereas in other cases we do not. In other words, we do not see clear evidence in our sample for the 11.3 µm PAH feature to be suppressed in more luminous AGN, at least for the AGN bolometric luminosities covered in our sample of Seyfert galaxies.
As can be seen from Figure 4 , there is no clear influence of the probed physical region sizes on the observed EWs. Hence, we do not see a tendency for the EW of the PAH feature to decrease for smaller physical regions. This would be the case if we were to expect a higher AGN continuum contribution and/or PAH destruction as we get closer to the AGN. No trend is either present when plotting the observed EWs with respect to luminosity densities. We note, however, that for the three closest Seyferts (Circinus, NGC 4945, figure legend) indicate the different physical sizes probed, which are determined by the slit widths of the observations. Hereinafter, we have marked Compton-thick objects in all plots using a double-star or a double-square for detections or upper limits, respectively. NGC 5128) the 11.3 µm PAH feature is not detected in ground-based high-resolution T-ReCS spectra, which probe scales of ∼ 7 − 15 pc for these sources (Roche et al. 2006; González-Martín et al. 2013 ).
Nuclear PAH molecules shielded by the dusty torus?
As we have shown in the previous sections and as presented by others (e.g., Miles et al. 1994; Marco & Brooks 2003; Díaz-Santos et al. 2010; Hönig et al. 2010; González-Martín et al. 2013; Sales et al. 2013; Tacconi-Garman & Sturm 2013) PAH emission is detected in the vicinity (from tens to a few hundreds parsecs) of the harsh environments of some AGN. Therefore, at least in some galaxies, the PAH molecules are not destroyed (or at least not completely) near the AGN. They must be shielded from the AGN by molecular material with sufficient X-ray absorbing column densities (Voit 1992a; Miles et al. 1994; Watabe et al. 2008) . As pointed out by Voit (1992b) , for PAH features to be absent due to destruction, they have to be fragmented more quickly than they can be rebuilt. In other words, PAHs will exist if the rate of reaccretion of carbon onto the PAHs is higher than the evaporation rate caused by the AGN. Using the parameters of the Voit (1991 ) model, Miles et al. (1994 estimated the column density of hydrogen required to keep the evaporation rate of PAHs below the rate of reaccretion of carbon onto the PAHs. As derived in Miles et al. (1994) , the time scale for X-ray absorption in terms of the hydrogen column density of the intervening material N H (tot), the distance from the AGN fixed in our case by the slit width D agn , and the X-ray luminosity of the AGN, can be written as (1) Voit (1992b) estimated that the time scale needed for reaccretion of a carbon atom on to a fractured PAH should be at least 3000 years for the typical conditions of the interstellar medium.
The protecting material, which has to be located between the nuclear sites of SF and the AGN, is likely to be that in the dusty torus postulated by the unified model.
In a number of works (Ramos Almeida et al. 2009 , 2011 Alonso-Herrero et al. 2011 , 2012 we have demonstrated that the clumpy torus models of Nenkova et al. (2008a,b) accurately reproduce the nuclear infrared emission of local Seyfert galaxies. These models are defined by six parameters describing the torus geometry and the properties of the dusty clouds. These are, the viewing angle (i) and radial extent (Y ) of the torus, the angular (σ) and radial distributions (q) of the clouds along with its optical depth (τ V ), and the number of clouds along the equatorial direction (N 0 ). The optical extinction of the torus along the line of sight is computed from the model parameters as
2 ) mag. According to Bohlin et al. (1978) , 2011 Alonso-Herrero et al. 2011 , 2012 , for further details). Using Equation 1 for the hard X-ray luminosities (Table 1) and distances from the AGN probed by our spectroscopy (see Table 3 ), and setting τ =3000 yr as proposed by Voit (1992a) , we require hydrogen column densities of at least a few 10 23 cm −2 to protect the PAHs from the AGN radiation. Evidence for such values for the N H are found for our sample, as we derived absorbing columns of the order of 10 23 cm −2 or even higher. In Ramos Almeida et al. (2011), we also demonstrated that Seyfert 2s are more likely to have higher covering factors than Seyfert 1s. Assuming that the nuclear SF occurs inside the torus, the PAH molecules may be more shielded in the nuclear region of Seyfert 2s. However, even the N H values along our line of sight from the torus model fits of Seyfert 1s (which would be a lower limit to the total N H in the torus) with 11.3 µm PAH detections are sufficient to protect the PAH carriers. This is the case for four Seyfert 1s (NGC3227, NGC5506, NGC7469, and NGC7582), as can be seen from the modelling by Alonso-Herrero et al. (2011) . Note that the column densities that we refer to are not only those absorbing the X-rays but also including material much farther away from the accreting BH.
Another interesting aspect to keep in mind from Equation 1 is that the column densities needed to protect the PAH molecules from the AGN X-ray emission become higher for more luminous AGN as well as for distances closer to the AGN. However, we emphasize that for the AGN luminosities of the RSA Seyferts and distances from the AGN probed by the observations presented here, the PAH molecules are likely to be shielded from the AGN by material in the torus residing on smaller scales. Also, part of the obscuring material even on these nuclear scales can reside in the host galaxy as shown by González-Martín et al. (2013) . Thus, another source of opacity that might prevent the PAHs from being destroyed are dust lanes in galaxies or dust in the nuclear regions of merger systems. This might be the case for five sources in our sample, namely NGC 4945, NGC 5128, NGC 5506, NGC 7130 and NGC 7582.
NUCLEAR STAR FORMATION RATES IN
SEYFERT GALAXIES 4.1. Relation between the 11.3 µm PAH feature and the [Ne ii] 12.81 µm emission line on nuclear scales In star forming galaxies, the luminosity of the [Ne ii] 12.81 µm emission line is a good indicator of the SFR (Roche et al. 1991; Ho & Keto 2007; Díaz-Santos et al. 2010) . We note that these measurements are contaminated by the 12.7 µm PAH feature, which is not easily resolvable.
In Seyfert galaxies the situation is more complicated because this line can be excited by both SF and AGN activity. The AGN contribution to the [Ne ii] varies from galaxy to galaxy in local Seyfert galaxies and other AGN (see e.g. Meléndez et al. 2008; Pereira-Santaella et al. 2010) .
For the RSA Seyfert sample, Diamond-Stanic & Rieke (2010) used IRS spectroscopy to compare the circumnuclear SFRs computed with the [Ne ii] line and the 11.3 µm PAH feature as a function of EW of the PAH. They found that the ratio of the two circumnuclear SFRs (on a kpc scale) is on average unity, with some scatter for galaxies with large PAH EWs > 0.3 µm. The most discrepant measurements were for those galaxies with elevated [O iv]/[Ne ii] and low EW of the PAH, that is, AGN dominated galaxies.
In Figure 5 (left panel) we show the observed nuclear PAH/[Ne ii] ratio as a function of the AGN luminosity. To correct for the 12.7 µm PAH contamination, we have used a median ratio of the 11.3 versus the 12.7 µm PAH features of 1.8, derived in Smith et al. (2007) , and subtracted it from the [Ne ii] measurement. NGC 1365, NGC 1386 and NGC 5347 are not included in the plot because both lines are undetected and, therefore, the value in the Y axis is completely unconstrained. We derived the [Ne ii] fluxes using the same technique as explained for the PAH in Section 2.3, integrating the line between 12.6 and 12.9 µm. For seven galaxies, namely IC 5063, Mrk 509, NGC 1068, NGC 2110, NGC 5135, NGC 7130 and NGC 7479, the [Ne ii] line falls outside the wavelength range covered by our observations. They are not included in the plot except for NGC 5135 and NGC 7130, whose values have been extracted from Díaz-Santos et al. (2010) . Most of the galaxies with detections of the nuclear 11.3 µm PAH feature and [Ne ii] show ratios similar to those of high metallicity star forming galaxies (∼ 0.7 − 2, see e.g., Roche et al. 1991; Díaz-Santos et al. 2010) , even if the [Ne ii] fluxes are not corrected for AGN emission. On the other hand, most of the nuclear spectra with non detections show upper limits to the PAH/[Ne ii] ratio below 0.5.
To derive the nuclear [Ne ii] flux solely due to star formation, we can use the fractional SF contribution to the [Ne ii] line within the IRS aperture estimated by Meléndez et al. (2008) . For sources with strong AGN contribution (higher than 50%), we estimated the [Ne ii] flux coming from the AGN, which can be subtracted from the observed nuclear [Ne ii] flux. This is shown in Figure 5 (right panel). We note that for NGC 2992, NGC 3227, NGC 4151, NGC 5506 and NGC 7172, the estimated AGN contribution to the total [Ne ii] is higher than the nuclear [Ne ii] value, indicating that the AGN [NeII] contributions were overestimated. For these galaxies, we did not apply any correction. Figure 5 shows that for those Seyferts with a nuclear 11.3 µm PAH detection the PAH/[Ne ii] SF ratio does not decrease with the AGN bolometric luminosity. This would be expected if the PAH emission was to be suppressed. Therefore, given that the PAH/[Ne ii] SF ratio does not show a dependence on L agn , we conclude that the 11.3 µm PAH feature emission can be used to estimate the nuclear SFRs (see next section). Nuclear (∼ 65 pc) scales In the vicinity of an AGN, we expect the chemistry and/or the heating as dominated by X-rays from the socalled X-ray dominated regions (XDRs). In principle, XDRs could also contribute to PAH heating through the photodissociation and photoionization by FUV photons produced via excitation of H and H 2 in collisions with secondary electrons. However, as we derived in Section 3.4, the torus appears to provide the appropriate environment to shield the PAH molecules from the AGN emission, on typical physical scales of a few parsecs up to a few tens of parsecs. We thus expect little or no contribution of UV AGN produced photons to the PAH heating in the nuclear scales of Seyfert galaxies. Hereinafter, we will assume that the aromatic molecules are heated by the radiation field produced by young massive stars and that the 11.3 µm PAH luminosity can be used to estimate the SFR.
Circumnuclear (∼ 600 pc) vs
We derived nuclear and circumnuclear SFRs using the PAH 11.3µm feature luminosities and applying the relation derived in Diamond-Stanic & Rieke (2012) 
using PAHFIT measurements of galaxies with IR (8-1000 µm) luminosities L IR < 10 11 L ⊙ , using the Rieke et al. (2009) templates and a Kroupa IMF. This is appropriate for our sample, as the median value of the IR luminosity of the individual galaxies is 5 × 10 10 L ⊙ 3 . The uncertainties in the derived SFRs using Equation 2 are typically 0.28 dex (see Diamond-Stanic & Rieke 2012 , for full details).
For the 13 galaxies with nuclear 11.3 µm PAH detections, the nuclear SFRs span two orders of magnitude between ∼0.01-1.2 M ⊙ yr −1 for regions of typically ∼65 pc in size. The non-detections indicate that the nuclear SFR of RSA Seyfert galaxies from the high angular resolution spectroscopy can be ∼ 0.01 − 0.2 M ⊙ yr −1 , or even lower. The projected nuclear SFR densities are between 2 and 93 M ⊙ yr −1 kpc −2 with a median value 22 M ⊙ yr −1 kpc −2 . These are consistent with the simulations of Hopkins et al. (2012) for similar physical scales. The two galaxies with the largest SFR densities are NGC 1068 and NGC 1808 with values of 414 and 329 M ⊙ yr −1 kpc −2 , respectively. We notice that for those galaxies in common with Davies et al. (2007) (namely Circinus, NGC 1068, NGC 3783, NGC 7469, NGC 3227) we find quite discrepant values for the SFR density, with ours lying below those in Davies et al. (2007) except for NGC 1068. It might be due to the use of different SF histories and SFR indicators. We note that with the 11.3 µm PAH feature we cannot explore age effects (see Díaz-Santos et al. 2008, Figure 8) as this feature can be excited by both O and B stars, and thus it integrates over ages of up to a few tens of millions of years (Peeters et al. 2004) , unlike the measurements Fig. 6. -Comparison between the SFR on different scales, where SFR circumnuclear implies typical physical scales of ∼0.6 kpc and SFR nuclear is for ∼65 pc scales. Non-detections are plotted at a 2σ level. Symbols as in Figure 4 . The dashed line shows the median value of the nuclear/circumnuclear SFR ratio for the detections of the nuclear PAH feature (see text and Table 3 ). The dotted line indicates a nuclear/circumnuclear ratio of one.
in Davies et al. (2007) that sample younger populations. In addition, we detect neither nuclear nor circumnuclear SF in NGC 3783 based on the PAH measurements. On the other hand, PAHs can also be found in the interstellar medium (ISM) as being excited in less-UV rich environments, such as reflection nebulae (e.g. Li & Draine 2002) . However, the decreased strength of the IR emission features in these objects seems to indicate the low efficiency of softer near-UV or optical photons in exciting PAHs in comparison to SF (Tielens 2008) .
The circumnuclear SFRs in our sample are between 0.2 and 18.4 M ⊙ yr −1 (see also Diamond-Stanic & Rieke 2012) , and the median circumnuclear SFR densities are 1.2 M ⊙ yr −1 kpc −2 . These are similar to those of the CfA (Huchra & Burg 1992) and 12 µm (Rush et al. 1993) samples, derived using the 3.3 µm PAH feature (see Imanishi 2003; Imanishi & Wada 2004) .
The comparison between the nuclear and circumnuclear SFRs for our sample clearly shows that, in absolute terms, the nuclear SFRs are much lower (see Table 3 ). This is in good agreement with previous works based on smaller samples of local AGN (e.g. Siebenmorgen et al. 2004; Watabe et al. 2008; Hönig et al. 2010; González-Martín et al. 2013) . The median value of the ratio between the nuclear and circumnuclear SFRs for the detections of the 11.3 µm feature is ∼0.18 (see also Table 3), with no significant difference for type 1 and type 2 Seyferts (∼ 0.18 and ∼ 0.21, respectively).
In Figure 6 we plot the nuclear and circumnuclear SFRs probing typical physical scales of ∼65 pc and ∼600 pc, respectively. Again, non-detections are plotted as upper limits at the 2σ level. Overall, for our detections, the fraction of the SFR accounted for by the central ∼ 65 pc region of our Seyferts ranges between ∼5-35% of that enclosed within the aperture corresponding to the circumnuclear data.
While the nuclear SFRs are lower than the cir- We show theṀ BH ≈ 0.1 × SFR relation, which is expected for r < 100 pc, and the 1:1 relation which, is expected for the smallest physical scales (r < 10 pc). The solid line represents the fit to our detections of the nuclear 11.3 µm PAH feature (see text for details).
cumnuclear SFRs, the median nuclear projected SFR densities are approximately a factor of 20 higher than the circumnuclear ones in our sample (median values of 22 and 1 M ⊙ yr −1 kpc −2 , respectively). This shows that the SF is not uniformly distributed. Conversely, it is more highly concentrated in the nuclear regions of the RSA Seyferts studied here. This is in agreement with simulations of Hopkins et al. (2012) . The molecular gas needed to maintain these nuclear SFR densities appears to have higher densities in Seyfert galaxies than those of quiescent (non Seyferts) galaxies (Hicks et al. 2013 ). Hopkins & Quataert (2010) performed smoothed particle hydrodynamic simulations to study the inflow of gas from galactic scales (∼10 kpc) down to 0.1 pc, where key ingredients are gas, stars, black holes (BHs), self-gravity, SF and stellar feedback. These numerical simulations indicate a relation (with significant scatter) between the SFR andṀ BH that holds for all scales, and that is more tightly coupled for the smaller physical scales. The model of Kawakatu & Wada (2008) predicts that the AGN luminosity should also be tightly correlated with the luminosity of the nuclear (100 pc) SF in Seyferts and QSOs, and also that L nuclear,SB /L AGN is larger for more luminous AGN.
Nuclear star formation rate vs. black hole accretion rate
According to Alexander & Hickox (2012, and references therein) ,Ṁ BH and AGN luminosities follow the relatioṅ
where we used ǫ = 0.1 as the typical value for the mass-energy conversion efficiency in the local Universe (Marconi et al. 2004 ). We obtainedṀ BH ranging between 5 × 10 −6 and 0.5 M ⊙ yr −1 for our sample.
Uncertainties in theṀ BH estimations are dominated by those in L agn , i.e. 0.4 dex, as mentioned in Section 2.1. Figure 7 shows the observed nuclear SFR againsṫ M BH for the Seyferts in our sample. The different sizes of the symbols indicate different physical sizes of the probed regions. The prominent outlier in this figure is NGC 1808 4 . We also show in Figure 7 as dashed lines predictions from the Hopkins & Quataert (2010) simulations for r < 100 pc (Ṁ BH ≈ 0.1 × SFR) and r < 10 pc (Ṁ BH ≈ SFR). These radii encompass approximately the physical scales probed by our nuclear SFR. The prediction from the Kawakatu & Wada (2008) disk model for Seyfert luminosities and BH masses similar to those of our sample falls between the two dashed lines (∼ 1:0.4 relation).
To derive a possible correlation between the nuclear SFR andṀ BH , we applied a simple fit to the nuclear SFR detections (excluding NGC 1808) and obtained a nearly linear relation (slope of 1.01, and uncertainties of 0.4 dex in both parameters, Equation 4), which is close to the 1:0.1 relation (see Figure 7 and below). As can be seen in Figure 7 , the Hopkins & Quataert (2010) predictions for r < 100 pc reproduce fairly well the observed relation for our sample. We do not find a tendency for galaxies with SFRs measured in regions closer to the AGN (slit sizes of less than 100 pc) to have largerṀ BH to SFR ratios (i.e., to lie closer to the 1:1 relation) than the rest, as predicted by Hopkins & Quataert (2010) . It is worth noting that these authors caution that their work do not include the appropriate physics for low accretion rates (<< 0.1 M ⊙ yr −1 ). The scatter in the theoretical estimations and the limited size of our sample of Seyfert galaxies prevent us from further exploring this issue. Future planned observations with the mid-IR CanariCam (Telesco et al. 2003 ) instrument on the 10.4 m Gran Telescopio de Canarias (GTC) will allow a similar study for larger samples of Seyfert galaxies.
SUMMARY AND CONCLUSIONS
We have presented the largest compilation to date of high angular resolution (0.4 − 0.8 ′′ ) mid-IR spectroscopy of nearby Seyfert galaxies obtained with the T-ReCS, VISIR, and Michelle instruments.
We used the 11.3 µm PAH feature to study the nuclear SF activity and 4 NGC 1808 is a low-luminosity AGN and shows the lowest AGN bolometric luminosity in our sample. It seems plausible that SF, unlike the AGN as for the rest of the sample, is the dominant mechanism contributing to the nuclear mid-IR emission (see Mason et al. 2012) , as this source is completely off the mid-IR vs hard X-ray correlation for AGN (see González-Martín et al. 2013) .
its relation to the circumnuclear SF, as well as withṀ BH . The sample includes 29 Seyfert galaxies (13 Seyfert 1 and 16 Seyfert 2 galaxies) belonging to the nearby RSA AGN sample (Maiolino & Rieke 1995; Ho et al. 1997) . It covers more than two orders of magnitude in AGN bolometric luminosity, with the galaxies located at a median distance of 33 Mpc. Our data allow us to probe typical nuclear physical scales (given by the slit widths) of ∼ 65 pc. We used the hard X-ray luminosity as a proxy for the AGN bolometric luminosity andṀ BH . We used mid-infrared Spitzer/IRS spectroscopy to study the SF taking place in the circumnuclear regions (a factor of 5-10 larger scales).
The main results can be summarized as follows:
1. The detection rate of the nuclear 11.3 µm PAH feature in our sample of Seyferts is 45 % (13 out of 29 sources), at a significance of 2σ or higher. Additionally, the stacked spectra of six galaxies without a detection of the 11.3 µm PAH feature and weak silicate features resulted into a positive detection of the 11.3 µm PAH feature above 2σ.
2. There is no evidence of strong suppression of the nuclear 11.3 µm PAH feature in the vicinity of the AGN, at least for the Seyfert-like AGN luminosities and physical nuclear regions (65 pc median value) sampled here. In particular, we do not see a tendency for the EW of the PAH to decrease for more luminous AGN. The hydrogen column densities predicted from clumpy torus model fitting (a few 10 23 cm −2 up to a few 10 24 cm −2 ) would be, in principle, sufficient to shield the PAH molecules from AGN X-ray photons in our Seyfert galaxies.
3. The nuclear SFRs in our sample derived from the 11.3 µm PAH feature luminosities are between 0.01 and 1.2 M ⊙ yr −1 , where we assumed no XDRcontribution to the PAH heating. There is a significant reduction of the 11.3 µm PAH flux from circumnuclear (median size of 600 pc) to nuclear regions (median size of 65 pc), with a typical ratio of ∼5. Although this indicates that the SFRs are lower near the AGN in absolute terms, the projected SFR rate density in the nuclear regions (median value of 22 M ⊙ yr −1 kpc −2 ) is approximately 20 higher than in the circumnuclear regions. This indicates that the SF activity is highly concentrated in the nuclear regions in our sample of Seyfert galaxies. 4. Predictions from numerical simulations for the appropriate physical regions are broadly consistent with the observed relation between the nuclear SFR andṀ BH in our sample (slope of 1.01±0.4). Although limited by the relatively small number of sources in our sample, we do not find decreased nuclear SFR-to-Ṁ BH ratios for regions closer to the AGN, as predicted by the Hopkins & Quataert (2010) simulations.
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APPENDIX Fig. A.1. -Spectra of the sample. Spitzer/IRS SL spectra (thick line) compared with the ground-based spectra (T-ReCS/VISIR/Michelle: thin line). All observations have been smoothed to the same spectral resolution. We show the location of the 11.3 µm PAH feature (dashed line), with the shaded area indicating the spectral range used for obtaining the integrated flux. The red lines are the fitted local continua. For clarity, we applied a multiplicative factor to the IRS data (shown in the plot) for overlapped spectra. In a few cases, the nuclear data lie above the circumnuclear data, this can be due to calibration uncertainties. 
